Introduction
Equine viral arteritis (EVA) is a disease which has been recognised in horses since the 19th Century. The causative agent, equine arteritis virus (EAV), was first isolated in Ohio, the United States of America (USA), in 1953 (3) and has been classified as an arterivirus of the order Nidovirales. Acutely infected animals may develop fever, leucopoenia, conjunctivitis, ocular discharge, and oedema of the scrotum, ventral trunk, and limbs. Severe clinical signs include respiratory distress with pneumonia or a pneumoenteric syndrome with colic, and abortion in pregnant mares (1, 8) .
Equine viral arteritis can be transmitted via the respiratory or venereal routes. Aerosol exposure results in infection of pulmonary macrophages, with subsequent rapid spread via the circulatory system (6) . Up to 60% of stallions acutely infected with EAV become chronically infected. Such 'carrier' stallions seroconvert, but shed virus constantly in the semen and this feature plays a significant role in the spreading of the disease within horse populations (14) . Antibody to EAV can be detected in experimental infections four days post-inoculation by complement fixation, immunodiffusion and immunofluorescence (IF) tests (4, 9, 10) . Neutralising antibodies develop two to four weeks following infection and levels can remain stable for several years (2) . The virus neutralisation (VN) test is the prescribed test for the detection of anti-EAV antibodies.
Surveillance and prevention measures currently being taken by the Servicio Nacional de Sanidad y Calidad Agroalimentaria (SENASA -National Agrifood Health and Quality Service) include sampling 0.05% of the equine population, annual certification for stallions and semen (both native or imported) as a prerequisite for inclusion on the service register, and paired sampling of all seropositive animals. In the case of imported horses, the animals are placed in isolation for fourteen days during which time blood samples are tested for antibodies against EAV. At present, vaccination against EAV is not 
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M.G. Echeverría (1, 2) , M.R. Pecoraro (1, 2) , C.M Galosi (1, 3) , M.E. Etcheverrigaray (1) & E.O. Nosetto (1, 2) (1) Cátedra de Virología, Facultad de Ciencias Veterinarias, Universidad Nacional de La Plata, calles 60 y 118, CC 296, 1900 La Plata, Argentina Routinely, imported stallions are tested by VN. Those with titres ≥ 1:4 without vaccination are tested further for persistent infection by virus isolation from semen or by test mating (6) . This is the first isolation of EAV in Argentina, from the semen of such a seropositive imported stallion, detected by this routine monitoring.
Although antibodies to EAV were first detected in horses in Argentina in 1984 (11) , to date no clinical signs of the disease have been reported and all previous virus isolation tests on horses with respiratory disease or aborted foetuses have been negative. Forty-six semen samples have been examined since 1996 in the laboratory of the authors, which is officially authorised to conduct EAV diagnostic tests.
Materials and methods

Semen
Two semen samples were collected 2 h apart from a seropositive stallion. The semen was processed immediately on arrival for assay using the reverse-transcription polymerase chain reaction (RT-PCR) as described below. For isolation, the seminal plasma was collected by centrifugation of the semen at 1,000 g at 4°C for 10 min.
Cell cultures and virus isolation
Confluent monolayer cultures of rabbit kidney (RK-13) cells grown in six-well plates were inoculated with serial decimal dilutions (10 -1 to 10 -3
) of seminal plasma in maintenance medium (MM), containing 2% foetal bovine serum. A volume of 0.3 ml of each dilution was inoculated in duplicate wells. Plates were incubated for 60 min. at 37°C in an atmosphere of 5% CO 2 (13) . After removing the inoculum, the cells were overlaid with MM. The cell cultures were reincubated at 37°C and examined daily for the appearance of viral cytopathic effects (CPE). Cultures which remained negative for CPE after six days were subjected to two additional passages before being considered negative. When viral CPE was observed, cultures were passaged onto RK-13 cells grown on coverslips, for subsequent examination by IF.
Virus neutralisation test
To confirm the isolate as EAV, complement-enhanced microneutralisation tests were performed (13) . A stock of the isolates was produced in RK-13 cells, clarified, stored in aliquots at -70°C and then titrated using the same cells. The reference sera anti-EAV Bucyrus (Dr Y. Fukunaga, Japan Racing Association, Tochigi, Japan), anti-equine herpes virus (EHV)-1 89C25 and anti-EHV-4 TH-20 (Dr T. Kumanomido, Japan Racing Association, Tochigi, Japan) were heat-inactivated at 56°C for 30 min. Serial two-fold dilutions were then prepared in serum-free medium starting at a 1:2 serum dilution. These dilutions were then mixed with an equal volume of 100 × 50% tissue cell infective dose (TCID 50 ) of the isolates and 10% guinea-pig complement. After 60 min. of incubation in an atmosphere of 5% CO 2 , 100 µl of RK-13 cells (3 × 10 5 cells/ml) were added.
Immunofluorescence test
Monolayer cultures of infected and non-infected cells, prepared in duplicate on coverslips, were washed twice with phosphatebuffered saline (PBS), dried and fixed with acetone at -20°C for 30 min. Anti-EAV Bucyrus antibody was reacted with the fixed cells as primary antiserum (1:16 in PBS) at 37°C for 45 min. After washing three times with PBS, fluorescein isothiocyanatelabelled anti-equine immunoglobulin antibody (1:20 in PBS) was applied and incubated at 37°C for 45 min. in a humidified atmosphere.
Reverse-transcription polymerase chain reaction
The RT-PCR assay had been previously established at the laboratory of the authors, using a modified method based on the procedure of Sekiguchi et al. (12) . The Bucyrus reference strain of EAV (Dr H. McCollum, University of Kentucky, USA), propagated in RK-13 cells, was used to validate the assay and also acted as a positive control. Ribonucleic acid (RNA) was extracted from 250 µl of Bucyrus EAV culture fluid and from 500 µl of seminal plasma with 500 µl of a mixture of guanidium isothiocyanate and phenol and precipitated with isopropanol. Complementary deoxyribonucleic acid (cDNA) was synthesised with 5 µl of RNA resuspended in distilled water. A negative control was obtained by substituting sample RNA with the DNA of EHV-1. For the reverse transcription step, cDNA was obtained using reverse transcription and random hexamers. For polymerase chain reaction amplification, a pair of primers was chosen, designed to amplify a 449 base-pair (bp) region of the highly conserved matrix (M) gene (12) . The oligonucleotide sequences of the primers and positions, based on National Center for Biotechnology Information RefSeq NC_002532, were as follows: (20 pM each). Denaturation, annealing and extension consisted of thirty-five cycles at 94°C for 45 seconds, 60°C for 1 min. and 72°C for 90 seconds, respectively. The PCR products (10 µl samples) were examined on 2% agarose gels. The gels were examined under ultra violet light following ethidium bromide staining.
Results
The EAV was isolated from the semen sample in tissue culture. On day 5 of the second passage on RK-13 cells, a few rounded cells were observed in cultures inoculated with a 10 -2 and 10 -3 dilution of the seminal plasma. By day 2 of the third passage, the viral CPE was extensive in most cultures, consisting of cells becoming round, shrinking and detaching themselves. In the IF test, viral antigen was localised in the cytoplasm and especially in the perinuclear area, appearing as large masses occupying most of the cytoplasm. No viral CPE or virus-specific fluorescence was seen in mock-infected cells.
The isolated virus (designated La Plata 01) was confirmed as EAV by VN assay with an antiserum to the Bucyrus strain of EAV. The virus was not neutralised by either EHV-1 or EHV-4 antisera.
Using RNA extracted from cell cultures infected with the Bucyrus strain of EAV, cDNA was specifically amplified by RT-PCR. This single-round RT-PCR generated a product yielding a sharp, visible band of ~449 bp on an ethidium bromide gel. Identical bands were obtained from both the positive control and the semen sample, providing further proof of the identity of the virus as EAV. The negative control consisting of EHV-1 DNA produced no amplification band with the EAV-specific primer pair used in this study.
Discussion and conclusions
This is the first report of EAV isolation in Argentina. Serological evidence has been observed since 1984 (11) . Serum samples used for those screenings were received in the laboratory of the authors for other purposes and their histories were unknown. However, EAV has not been implicated in cases of clinical respiratory disease, nor has the virus ever been recovered from abortion material or nasal swab samples. As in other countries, cases with clinical signs suggestive of EAV are not frequently reported (5, 11, 15) .
Since 1991, the VN test has been employed routinely in the laboratory of the authors to screen serum samples from imported and exported horses. To date, approximately 4,000 sera have been tested. Most samples were from thoroughbred and polo horses, and only on two occasions were positive sera detected. The first occasion was in 1993, when one imported stallion was found to be seropositive. The stud farm was temporarily closed and several serological studies were conducted on mares of the farm. The stallion was tested by test mating, but no seroconversion was detected among covered mares, nor was EAV isolated. On the second occasion, in 1998, several EAV-positive animals were detected on two stud farms that practised artificial insemination using imported semen. In view of these findings, the SENASA carried out an epidemiological survey to determine the prevalence of EVA in Argentina. Therefore, between August and October 1999, a comprehensive serological survey was carried out among registered stallions of quarter mile breeds, American trotters, heavy breeds and all riding, jumping and eventing breeds. The breeds selected for sampling were those with the highest records of importation of genetic material registered since 1995 (approximately 250 sera). In January 2001, another serological survey of 330 horses from stables within a 10 km radius of the establishment concerned was carried out. The two studies failed to identify any seropositive stallions.
Using a strategy combining RT-PCR and virus isolation, the authors were able to confidently detect virus in the semen of an imported carrier stallion and confirm the identity of the virus as EAV. The single-round RT-PCR used was sufficiently sensitive to detect EAV in the seminal plasma of this particular animal, and this strategy avoids the risk of false positive results through contamination, a problem inherent in the use of nested PCR assays.
The increase in international travel of horses for competition and breeding, and the use of semen for artificial insemination, have increased the risk of introducing EVA to countries previously free of the disease. Unless strict controls are implemented, there is a high risk of importing positive stallions or semen. Furthermore, active surveillance of horses within the country and investigation of suspect cases are also valuable ways of detecting incursions and allowing timely measures to be taken.
To control the spread of EVA by the venereal route, legislation forbidding EAV-persistently infected stallions has recently been introduced in Argentina. For this reason, the horse in question in this paper has now been castrated.
Further molecular characterisation of the EAV isolate is planned (7) to determine the phylogenetic relationship of the virus with other isolates worldwide.
